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57 ABSTRACT

The TDI sensor includes: a light receiving unit including
pixel rows each having a plurality of image capturing ele-
ments arranged in a first direction and generating and holding
electric charges corresponding to respective exposure
amounts, and electric charge holding rows each having a
plurality of electric charge holding sections having only a
function of holding the electric charges and arranged in the
first direction so as to correspond to respective image captur-
ing elements of the pixel rows, one of the pixel rows and one
or a plurality of the electric charge holding rows being alter-
nately arranged in a second direction orthogonal to the first
direction; and a transfer unit that sequentially, on a row-by-
row basis, transfers electric charges held by the image cap-
turing elements and the electric charge holding sections to
adjacent rows, and outputs a signal corresponding to electric
charges finally accumulated by the transfer.
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1
IMAGE CAPTURING APPARATUS,
COMPONENT MOUNTING APPARATUS,
COMPONENT TESTING APPARATUS, AND
SUBSTRATE INSPECTION APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

This application claims benefit of priority to International
Patent Application No. PCT/JP2012/001419 filed on Mar. 1,
2012, the entire content of which is incorporated herein by
reference.

TECHNICAL FIELD

The present disclosure relates to an image capturing appa-
ratus equipped with a TDI sensor, a component mounting
apparatus, a component testing apparatus and a substrate
inspection apparatus that are equipped with the image cap-
turing apparatus.

BACKGROUND

A component mounting apparatus in which a component is
taken out from a component feeder by a mounting head and
mounted on a mounting point on a substrate is known. The
component mounting apparatus is provided with a compo-
nent image capturing apparatus. This is because the image of
the component held by the mounting head is captured by the
component image capturing apparatus before the component
is mounted on the substrate, whereby the holding state of the
component by the mounting head is recognized and the com-
ponent mounting posture or the like is corrected.

The component mounting apparatus of such a kind is dis-
closed, for example, in Japanese Patent No. 4381764. The
component mounting apparatus disclosed in Japanese Patent
No. 4381764 includes a component image capturing appara-
tus equipped with a camera for component recognition that
incorporates a line sensor and a plurality of illumination units,
and the component image capturing apparatus captures the
image of the component by illuminating the component with
one of the illumination units while moving the component at
apredetermined speed relative to the camera. In this case, for
a specific component, line images obtained under mutually
different illumination conditions are arranged alternately, and
twice as many line images are acquired by alternately switch-
ing two illumination units with different illumination condi-
tions (illumination directions) and taking in the images while
moving the components. Two component images with mutu-
ally different illumination conditions are simultaneously
acquired, as the component is caused to pass only once by the
camera, by extracting line images with the same illumination
conditions from those images and combining the extracted
images.

In the conventional component recognition apparatus such
as described hereinabove, the component recognition rate
apparently can be increased by increasing the movement
speed of the component relative to the camera. However,
where the component recognition rate is increased, the expo-
sure time of each image capture line is shortened. As a result,
the electric charge amount per each line image outputted from
the line sensor is decreased and the image becomes dark and
unclear. As a consequence, the component recognition accu-
racy can be reduced. In this case, the insufficient exposure
apparently can be corrected by increasing the illumination
intensity, but such a measure requires a large and expensive
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2

high-luminance illumination device, thereby increasing the
size and cost of the apparatus, and cannot always be said to be
effective.

In addition to the above-described acquisition of a plurality
of'images with different illumination conditions performed as
the component is caused to pass only once by the camera, it is
sometimes desirable, for example, to acquire component
images of a plurality of types by receiving light beams with
mutually different wavelengths under fixed illumination con-
ditions, but such component images are difficult to acquire
with the above-described component recognition apparatus.

SUMMARY

The present disclosure has been created with the foregoing
in mind, and it is an object of the present intention to provide
atechnique capable of effectively and rapidly acquiring com-
ponent images of a plurality of types by moving the object
only once relative to the camera.

In order to attain such an object, the applicant focused
attention on the so-called TDI sensor. The TDI sensor per-
forms an operation of capturing a line image at predetermined
timings and outputs, as an image of each image capture line,
the line image exposed a plurality of times (integral expo-
sure). Therefore, the possibility of acquiring component
images, while relatively moving the component at a high
speed, by using a component recognition camera equipped
with the TDI sensor has been considered. However, since the
TDI sensor outputs a line image subjected to integral expo-
sure for each image capture line, line images with different
illumination conditions for each image capture line are diffi-
cultto obtain by simply switching the illumination conditions
during the relative movement of the component.

Accordingly, the applicant has improved the conventional
TDI sensor and invented the following TDI sensor. Thus, the
TDI sensor in accordance with the present disclosure is a TDI
sensor that performs an operation of capturing a line image at
predetermined timings and outputs as an image of each image
capture line, and the line image being exposed a plurality of
times. The sensor includes a light receiving unit including
pixel rows each having a plurality of image capturing ele-
ments arranged in a first direction and generating and holding
electric charges corresponding to respective exposure
amounts. Electric charge holding rows each have a plurality
of electric charge holding sections having only a function of
holding the electric charges and being arranged in the first
direction so as to correspond to respective image capturing
elements of the pixel rows. One of the pixel rows and one or
a plurality of the electric charge holding rows being alter-
nately arranged in a second direction orthogonal to the first
direction. A transfer unit sequentially, on a row-by-row basis,
transfers electric charges held by the image capturing ele-
ments of the pixel rows and the electric charge holding sec-
tions of the electric charge holding rows to adjacent rows, and
outputs, as a signal of the line image, a signal corresponding
to electric charges finally accumulated by the transfer.

With such a TDI sensor, by switching the illumination
conditions as an object moves relative to the TDI sensor, it is
possible to acquire a plurality of images with different illu-
mination conditions as the images of the object that performs
the relative movement. For example, when images with two
illumination conditions (taken as the first illumination condi-
tion and second illumination condition) are acquired, a sensor
in which pixel rows and charge holding rows are alternately
arranged can be used as the TDI sensor in accordance with the
present disclosure, and two images with different illumina-
tion conditions can be acquired by alternately changing the
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illumination conditions as the object moves relative to the
TDI sensor. Thus, the image capturing elements of each pixel
row are initially exposed under the first illumination condi-
tion, following the movement of the object, whereby a line
image (referred to as a first illumination image) is taken in by
the pixel rows. The line images (that is, electric charges) of
the pixel rows are transferred to and held by the adjacent
charge holding rows before the next exposure is performed.
The image capturing elements of the pixel rows are then
exposed under the second illumination condition, whereby
the line images (referred to as a second illumination image) is
taken in by the pixel rows. The second illumination image of
the pixel rows is thereafter transferred to the adjacent charge
holding sections, and the first illumination image of the elec-
tric charge holdings sections is transferred to the adjacent
pixel rows. Then, the image capturing elements of the pixel
rows are exposed under the first illumination condition,
thereby re-exposing the first illumination image in the pixel
rows (electric charges are added up). As a result, a line image
exposed multiple times under the first illumination condition,
which is the line image of a specific single image capture line
of the object, and a line image exposed multiple times under
the second illumination condition, which is the line image of
the following single image capture line of the object, are
outputted alternately from the TDI sensor. Therefore, com-
ponent images of a plurality of types can be effectively and
rapidly acquired by moving the object only once relative to
the TDI sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a plan view illustrating schematically the compo-
nent mounting apparatus equipped with the image capturing
apparatus in accordance with the present disclosure.

FIG. 2 is a front view illustrating schematically the com-
ponent mounting apparatus shown in FIG. 1.

FIG. 3 is a side view of the head unit illustrating schemati-
cally the image capturing unit installed at the component
mounting apparatus shown in FIG. 1.

FIG. 4A shows schematically the configuration of the TDI
sensor, and FIG. 4B illustrates the electric charge accumula-
tion state in each pixel row when the image is captured.

FIG. 5 is an electric configuration diagram of the camera.

FIG. 6 is a block diagram illustrating the principal electric
configuration of the component mounting apparatus shown in
FIG. 1.

FIG. 7 is a timing chart illustrating the timings of illumi-
nation, exposure (image capturing), and image (electric
charge) transfer with the image capturing unit.

FIGS. 8A-8C are schematic diagrams of a TDI sensor for
explaining the process of capturing two component images
(FIG. 8A shows the state of the TDI sensor during the first
exposure (image capturing), FIG. 8B—during the second
exposure, and FIG. 8C—during the third exposure).

FIGS. 9A-9D are schematic diagrams of a TDI sensor for
explaining the process of capturing three component images
(FIG. 9A shows the state of the TDI sensor during the first
exposure (image capturing), FIG. 9B—during the second
exposure, FIG. 9C—during the third exposure, and FIG.
9D—during the fourth exposure).

FIG. 10 is a timing chart illustrating the timings of illumi-
nation, exposure (image capturing), and image (electric
charge) transfer with the image capturing unit.

FIG. 11 illustrates schematically another configuration of
the TDI sensor.

FIG. 12 illustrates schematically another configuration of
the TDI sensor.
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FIG. 13 is a plan view illustrating schematically the com-
ponent testing apparatus using the image capturing appara-
tusin accordance with the present disclosure.

DETAILED DESCRIPTION

The preferred modes for carrying out the present disclosure
will be described hereinbelow in greater detail with reference
to the appended drawings.

First Embodiment

FIG. 1 and FIG. 2 illustrate schematically the component
mounting apparatus (component mounting apparatus using
the image capturing apparatus in accordance with the present
disclosure) in accordance with the present disclosure. FIG. 1
is a plan view and FIG. 2 is a front view illustrating schemati-
cally the component mounting apparatus. In FIG. 1, FIG. 2,
and the drawings explained hereinbelow, XYZ orthogonal
coordinates are used to clarify the directional relationship in
each drawing.

The component mounting apparatus is equipped with a
base 1, a substrate conveying mechanism 2 that is disposed on
the base 1 and conveys a substrate 3 such as a printed wiring
board (PWB) in the X direction, component feeding units 4,
a head unit 5 for component mounting, a head unit drive
mechanism that drives the head unit 5, and an image capturing
unit 6 for component recognition.

The substrate conveying mechanism 2 includes a pair of
conveyors 2a that convey the substrate 3 on the base 1. The
conveyors 2a receive the substrate 3 from the right side, as
shown in the figure, convey the substrate to a predetermined
mounting operation position (position shown in the figure),
and hold the substrate 3 with a holding device (not shown in
the figure). After the mounting operation, the substrate 3 is
carried out to the left side, as shown in the figure.

The component feeding unit 4 is disposed at each side
(each side in the Y direction) of the substrate conveying
mechanism 2. A plurality of tape feeders 4a arranged side by
side in the X direction are disposed along the substrate con-
veying mechanism 2 in each of the component feeding units
4. Each tape feeder 4a is equipped with a reel having wound
thereon a tape that accommodates and holds a small chip
component such as an IC, a transistor, and a capacitor. The
component is fed to a predetermined component feeding
position close to the substrate conveying mechanism 2 by
intermittently paying out the tape from the reel. Instead of the
tape feeders 4aq, either or both of the component feeding units
4 may have set therein a tray in which package-type compo-
nents such as a QFP (Quad Flat Package) or a BGA (Ball Grid
Array) are orderly arranged.

The head unit 5 takes out a component from the component
feeding unit 4 and mounts the component on the substrate 3.
The head unit is disposed above the substrate conveying
mechanism 2 and the component feeding units 4.

The head unit 5 can be moved by the head unit drive
mechanism in the X direction and Y direction in a predeter-
mined region. The head unit drive mechanism includes an
Y-axis servo motor 10, a pair of fixed rails 8 that are fixed
respectively to a pair of high-beam frames 7, which are pro-
vided on the base 1, and extend parallel to each other in the Y
direction, a unit support member 11 that is supported on those
fixed rails 8 and extends in the X direction, and a ball screw
shaft 9 that is screwed into the unit support member 11 and
driven by the Y-axis servo motor 10. Included also are an
X-axis servo motor 15, a fixed rail 13 fixed to the unit support
member 11 and supporting the head unit 5 to enable the
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movement thereofin the X direction, and a ball screw shaft 14
that is screwed into the head unit 5 and driven by the X-axis
servo motor 15 as a drive source. Thus, in the head unit drive
mechanism, the head unit 5 is moved in the X direction by the
drive of the X-axis servo motor 15 through the ball screw shaft
14, and the unit support member 11 is moved in the Y direc-
tion by the drive of the Y-axis servo motor 10 through the ball
screw shaft 9. As a result, the head unit 5 is moved in the X
direction and Y direction within a predetermined region.

The head unit 5 is equipped with a plurality of mounting
heads 16, each being provided with a nozzle 16a for compo-
nent attachment at a tip thereof, and a head drive mechanism
using a servo motor as a drive source for lifting (movement in
the Z direction) those mounting heads 16 with respect to the
head unit 5 and rotating (rotation in the R direction in FIG. 2
and FIG. 3) the mounting heads about the central axis of the
nozzle.

A total of six mounting heads 16 are installed on the head
unit 5 in a state of arrangement in a row in the X direction. A
nozzle 16a of each mounting head 16 can be communicated
with by a respective electric switching valve to a negative
pressure generator, a positive pressure generator, and the
atmosphere. In other words, a component can be attached to
and held by the nozzle 16a when a negative pressure is sup-
plied to the nozzle 164, and the attachment and holding of the
component can be canceled by thereafter supplying a positive
pressure.

The image capturing unit 6 for recognizing components C
attached to and held by the mounting heads 16, a unit drive
mechanism that drives the image capturing unit 6, and a
substrate recognition camera 17 for recognizing the substrate
3 are installed on the head unit 5.

The substrate recognition camera 17 is fixed to one end
(left end in the example shown in FIG. 1 and FIG. 2), in the X
direction, ofthe head unit 5. The substrate recognition camera
17 captures an image of various marks provided on the sub-
strate 3 in order to specify the position of the substrate 3
aligned at the mounting operation position or the mounting
operation contents. In the substrate recognition camera 17, a
camera main body including an area sensor and a condensing
lens is provided integrally with an illumination device, and
the image of the mark is captured by radiating illumination
light from above on the substrate 3 and receiving the reflected
light therefrom by the area sensor.

As shown in FIG. 3, the image capturing unit 6 includes a
camera 21 that captures the image of the components C, an
illumination device 22 (corresponds to the illumination
device in accordance with the present disclosure) that illumi-
nates the components C for image capturing, a reflecting
mirror 29 that reflects the image of the components C so that
it could be captured by the camera 21, and a casing 20 inte-
grally holding the camera 21, the illumination device 22, and
the reflecting mirror 29.

The camera 21 includes a TDI (Time Delay Integration)
sensor 26 and a condensing lens 28 and is arranged substan-
tially in the transverse direction. The camera 21 captures the
image of the components C by forming, with the condensing
lens 28, the image of the reflected light from the components
C, which is obtained by the illumination for image capturing,
on a light receiving unit 40A (see FIG. 4) of the TDI sensor
26. The camera 21 including the TDI sensor 26 will be
explained hereinbelow in greater detail.

The illumination device 22 is attached to the casing 20 so
that the illumination device could be disposed below the
mounting heads 16 disposed at a predetermined component
recognition height position.

10

15

20

25

30

35

40

45

50

55

60

65

6

The illumination device 22 includes a first illumination
unit 22 that illuminates the components C from below, and a
second illumination unit 225 that illuminates the components
C from a side. The first illumination unit 22« is provided with
aplurality of LEDs 23 arranged to face upward, and where the
LEDs 23 are lighted, the components C attached to and held
by the mounting heads 16 are illuminated from below with the
illumination light. Meanwhile, the second illumination unit
22b is disposed above the first illumination unit 22a. The
second illumination unit 225 includes a plurality of LEDs 24
facing inward towards each other in the Y direction. Where
the LEDs 24 are lighted, the component C is illuminated from
the side thereof and somewhat obliquely from below with the
illumination light.

The reflecting mirror 29 is disposed at a position facing the
mounting heads 16. As a result, the reflected light from the
components C falls on the camera 21 after the direction of the
light is changed by the reflecting mirror 29 into a direction
close to the horizontal direction. The LEDs 23 of the first
illumination unit 22a are disposed to surround the reflecting
mirror 29.

The unit drive mechanism that drives the image capturing
unit 6 includes fixed rails 32 that are fixed to a bottom frame
5a of the head unit 5 and support the casing 20 so that the
casing can move in the X axis direction, a linear motor 34 as
a drive source, and a linear encoder 36.

The linear motor 34 includes a permanent magnet 35a as a
stator fixed to the bottom frame 5a along the X direction, and
acoil section 355 serving as a movable element that is fixed to
the casing 20 so as to face the permanent magnet 354 at a
predetermined distance therefrom. Where the coil section 356
is energized, a propulsion force in the X direction is applied to
the casing 20. With such a configuration, the image capturing
unit 6 moves in the X direction along the fixed rails 32.

The linear encoder 36 includes a magnetic scale 37a fixed
to the bottom frame 54 along the X direction, and a magnetic
sensor 37h, such as an MR sensor or a Hall sensor, fixed to the
casing 20 so as to face the magnetic scale 37a. Scale marks are
magnetically recorded in the magnetic scale 37a, and the
magnetic sensor 37b detects the scale marks and outputs
electric signals corresponding to the scale marks to a below-
described control device 60.

Thus, the image capturing unit 6 is configured such that the
image of the components C attached to and held by the
mounting heads 16 can be sequentially captured by the cam-
era 21 as the image capturing unit 6 is moved in the X
direction by the drive of the linear motor 34. In this case, the
position and movement speed of the image capturing unit 6
are controlled by the below-described control device 60 on
the basis of the output signals from the linear encoder 36.

FIG. 4A shows schematically the configuration of the TDI
sensor 26 provided in the camera 21. As shown in the figure,
the TDI sensor 26 includes a light receiving unit 40A and a
transfer section 40B.

The light receiving unit 40A includes a plurality of pixel
rows 41 in which a plurality of image capturing elements 42,
which generate and hold an electric charge corresponding to
the received quantity of light, is arranged in a row in a first
direction. The pixel rows 41 are arranged in a second direc-
tion orthogonal to the first direction. The light receiving unit
40A includes an odd number of the pixel rows 41. In the
example shown in the figure, the number of pixel rows 41 is 7,
for convenience sake, but the number of the pixel rows 41 and
the number of pixels in each pixel row 41 (number of image
capturing elements 42) are actually determined to obtain the
desired resolution. For example, the number of pixel rows can
be set to about 150.
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The transfer section 40B includes a plurality of register
rows 45 corresponding to respective pixel rows 41. Each
register row 45 includes a plurality of registers 44 each form-
ing a pair with the respective image capturing element 42 of
the corresponding pixel row 41. Each register 44 has a func-
tion of reading the electric charge of the image capturing
element 42 forming a pair therewith, and sequentially trans-
ferring the electric charge that has been read to the image
capturing element 42 of the adjacent pixel row 41. The elec-
tric charge transfer direction can be switched. In the figure,
outline arrows illustrate the case in which the read-out electric
charge is transferred to the image capturing element 42 of the
pixel row 41 adjacent at the (+) side in the second direction.

Among the plurality of pixel rows 41 in the light receiving
unit 40A, those with odd numbers (odd-numbered rows),
when counted from one end in the arrangement direction
thereof, are the pixel rows 41 that can receive light by the
image capturing elements 42, and those with even numbers
(even-numbered rows) are the pixel rows 41 in which the
image capturing elements 42 cannot receive light because
light-blocking filters 43 (corresponding to the light-blocking
sections in accordance with the present disclosure) are
formed on the surface of the image capturing elements 42. As
a result, in the image capturing elements 42 belonging to the
even-numbered pixel rows 41, no electric charges are gener-
ated by the received light, and those image capturing elements
42 have only the function of holding the electric charges
transferred from the image capturing elements 42 of the adja-
cent pixel rows 41. In the present example, the pixel rows 41
belonging to the even-numbered rows correspond to the elec-
tric charge holding rows in accordance with the present dis-
closure, and the image capturing elements 42 where the light-
blocking filters 43 are formed correspond to the electric
charge holding sections in accordance with the present dis-
closure. Meanwhile, the image capturing elements 42 belong-
ing to the odd-numbered pixel rows 41 have a function of
adding the electric charges generated by light reception to the
electric charges transferred from the image capturing ele-
ments 42 of the adjacent pixel rows 41 and holding the result-
ant electric charges.

The camera 21 is installed on the image capturing unit 6 so
that the arrangement direction (second direction) of the pixel
rows 41 of the TDI sensor 26 is parallel to the X direction. As
a result, where the image capturing unit 6 moves in the X
direction, electric charges corresponding to the reflected light
from the components C are generated in the image capturing
elements 42 of the odd-numbered pixel rows 41, from among
the pixel rows 41 of the light receiving unit 40A. In other
words, the line images of each single image capture line of the
components C are sequentially taken in by the image captur-
ing elements 42 of the odd-numbered pixel rows 41.

The operation of capturing the images of the components C
with the camera 21 is explained below with respect to a case
in which the images of the components C are captured while
the image capturing unit 6 moves from the (+) side to the (-)
side in the X direction.

The images of the components C are captured by exposing
the image capturing elements 42 of each pixel row 41 at a
fixed image capture timing synchronized with the movement
of the image capturing unit 6 under the illumination with the
illumination device 22 in a state in which the movement speed
of'the image capturing unit 6 is controlled to a constant value
by the control device 60. In this case, the first illumination
unit 22a and the second illumination unit 226 are lighted
alternately.

More specifically, the exposure is performed at a timing at
which the image capturing unit 6 moves by a row arrangement
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pitch p of the pixel rows 41 (the timing at which the compo-
nents C move by the row arrangement pitch p relative to the
image capturing unit 6). Due to such exposure, a line image of
a single image capture line of the components C is taken in by
the odd-numbered pixel rows 41 in which no light-blocking
filters 43 are formed, from among the pixel rows 41. Thus, as
a result of such exposure, the reflected light from the compo-
nents C falls on the image capturing elements 42 of each pixel
row 41, whereby an electric charge corresponding to the
received quantity of light is generated in each image captur-
ing element 42.

For example, the first illumination unit 22a is initially
lighted, and in this case a timing at which a site at a distance
L (L<=p) from the distal end section, in the relative move-
ment direction, of the components C moving relative to the
image capturing unit 6 (this site will be simply referred to
hereinbelow as the “distance-L site of the components™)
reaches a position facing the first pixel row 41, with the
reflecting mirror 29 being interposed therebetween, and the
exposure initially performed is taken as a first timing.

In this case, the electric charge (line image of the dis-
tance-L site of the components C) generated by the leading
(first) pixel row 41, from among the pixel rows 41 of the light
receiving unit 40A, is read by the register 44 of the register
row 45 corresponding to this pixel row 41 and transferred to
the image capturing elements 42 of the adjacent second pixel
row 41. Where the image capturing unit 6 moves by the row
arrangement pitch p, a distance-(L+p) site of the components
reaches a position facing the first pixel row 41, with the
reflecting mirror 29 being interposed therebetween, and at
this timing (taken as a second timing), the image capturing
elements 42 of each pixel row 41 are exposed by lighting the
second illumination unit 225. However, since the light-block-
ing filters 43 have been formed, as mentioned hereinabove, at
the image capturing elements 42 of the second pixel row 41,
no electric charge is generated in this pixel row 41. Therefore,
the electric charge generated by the exposure at the first
timing (line image at the first timing of the distance-L site of
the components C) is transferred to and held in the image
capturing elements 42 of the second pixel row 41, and the
electric charge generated by the exposure at the second timing
(line image of the distance-(L+p) site of the components C) is
held in the image capturing elements 42 of the first pixel row
41.

Where the image capturing unit 6 moves further, the elec-
tric charge (line image) of the second pixel row 41 is read,
synchronously with the movement, to the register 44 of the
register row 45 corresponding to the pixel row 41 and trans-
ferred to the image capturing elements 42 ofthe adjacent third
pixel row 41. Where the image capturing unit 6 moves by the
row arrangement pitch p, the distance-(L+2 p) site of the
components C reaches a position facing the first pixel row 41,
with the reflecting mirror 29 being interposed therebetween,
whereas the distance-L site of the components C reaches a
position facing the third pixel row 41, with the reflecting
mirror 29 being interposed therebetween, and at this timing
(third timing), the image capturing operation is executed by
lighting the first illumination unit 22a, whereby an electric
charge corresponding to the received quantity of light (line
image at the third timing of the distance-L site of the compo-
nents C) is generated in the image capturing elements 42 of
the third pixel row 41. In other words, the electric charge (line
image at the third timing of the distance-L site of the compo-
nents C) newly generated in the image capturing elements 42
of the third pixel row 41 is added to the electric charge (line
image at the first timing of the distance-L site of the compo-
nents C) transferred from the second pixel row 41 to the third
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pixel row 41. Thus, a sum total of the electric charge created
by the exposure at the first timing of the distance-L site of the
components C (exposure by the first illumination unit 22a)
and the electric charge created by the exposure at the third
timing (exposure by the first illumination unit 22a) is held in
the third pixel row 41. Meanwhile, the electric charge created
by the exposure at the second timing of the distance-(L+p)
site of the components C (exposure by the second illumina-
tion unit 22a) is held in the image capturing elements 42 of the
second image row 41, and the electric charge created by the
exposure at the third timing of the distance-(L+2 p) site of the
components C is held in the image capturing elements 42 of
the first pixel row 41.

Similar operations are thereafter repeatedly performed in
the pixel rows 41, following the movement of the image
capturing unit 6. As a result, as shown in FI1G. 4B, the electric
charges are sequentially added up and accumulated in the
odd-numbered pixel rows 41 with respect to the same image
capture line of the components C. In other words, the line
image of the same image capture line of the components C is
repeatedly exposed in the odd-numbered pixel rows 41. Fur-
ther, the accumulated electric charges for the single image
capture line that has been exposed by lighting the first illu-
mination unit 22a at the odd-numbered image capture timings
and the electric charges for the single image capture line that
has been exposed by lighting the second illumination unit 22a
at the even-numbered image capture timings are read alter-
nately from the pixel rows 41 at the (+)-side end in the X
direction into the corresponding register rows 45, and signals
corresponding to the accumulated electric charges for a single
image capture line at each site of the components C are
alternately and sequentially outputted from the TDI sensor
26. The electric charges created by image capturing at difter-
ent timings and under different illumination conditions at the
odd-numbered single image capture lines and the even-num-
bered single image capture lines are sequentially accumu-
lated for a single image capture line for each pitch p (distance
equal to the row arrangement pitch p of the pixel rows 41) in
the component C, following the movement of the image cap-
turing unit 6, and alternately outputted from the TDI sensor
26. In other words, the line images of the single image capture
lines for each pitch p in the components C which are obtained
by multiple exposures at timings and under illumination con-
ditions which differ among the adjacent single image capture
lines are sequentially outputted from the TDI sensor 26 over
the entire length of the components C. As a result, component
images of two types that differ in illumination conditions and
are constituted by a line image group of single image capture
lines for every 2 pitches (2 p) of the components C are
obtained. This feature is explained hereinbelow in greater
detail with reference to FIG. 8 or the like.

In the case explained hereinabove, the image capturing unit
6 moves from the (+) side to the (-) side in the X direction, but
the case in which the image capturing unit 6 moves from the
(-) side to the (+) side in the X direction is basically the same.
In this case, the pixel row 41 at the (+) side end in the X
direction is taken as the leading (first) pixel row 41, the
electric charges are accumulated and transferred, and the
electric charge corresponding to the line image of a single
image capture line of the components C is outputted from the
register row 45 corresponding to the pixel row 41 at the (-)
side end in the X direction. Therefore, the TDI sensor 26 is
provided with two output units 26a, 265 (see FIG. 5) corre-
sponding to the electric charge transfer direction as the output
units for the signals.

FIG. 5 illustrates the principal electrical configuration of
the camera 21. As shown in the figure, the camera 21 includes
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acamera control unit 50, an analog front end (AFE) 52, a data
transmitter 53, and a clock driver 54 in addition to the TDI
sensor 26.

The camera control unit 50 controls integrally the opera-
tion of the camera 21 on the basis of control signals received
from the below-described control device 60 via an image
take-in device 68. For example, the TDI sensor 26 is provided
with two output units 26a, 265 for outputting image data
corresponding to the scanning direction (movement direction
of the image capturing unit 6 with respect to the component
C), and the camera control unit 50 switches the transfer direc-
tion of electric charges in the TDI sensor 26 corresponding to
the scanning direction by changing a clock signal from the
clock driver 54, as described hereinbelow, so that the image
data is outputted from either of the two output units 264, 265.

The analog front end 52 sets a camera gain by a control
signal from the camera control unit 50, adjusts the output
value of image data on the basis of the camera gain, and
converts the image data (analog data) into digital image data.
The analog front end 52 includes a correlated double sampler
(CDS), a variable gain amplifier (VGA), an AD converter
(ADC; analog to digital converter) and the like.

The data transmitter 53 performs signal transmission and
reception with the other devices. For example, the data trans-
mitter 53 transmits the image data received from the analog
front end 52 to the below-described control device 60 through
the image take-in device 68, receives a signal from the control
device 60 through the image take-in device 68, and transmits
the received signal to the camera control unit 50. In other
words, the image take-in device 68 has a function of an
interface that converts the signals transmitted between the
camera 21 and the control device 60 into reciprocally read-
able signals.

The clock driver 54 outputs a clock signal to the TDI sensor
26 on the basis of a control signal corresponding to the scan-
ning direction that is inputted from the camera control unit 50,
and controls the timing of image capture (exposure) by the
TDI sensor 26 and the transfer timing and transfer direction of
the electric charge (line image) of each pixel row 41. The
clock signal includes information corresponding to the scan-
ning direction, and the TDI sensor 26 switches the accumu-
lation and transfer direction of the electric charges on the
basis of this information.

The component mounting apparatus further includes the
control device 60, such as shown in FIG. 6, for controlling the
operation thereof. The control device 60 includes a main
control unit 61 that performs integrated control of operations
of'the entire component mounting apparatus, a storage unit 62
that stores various processing programs and various data, a
drive control unit 64 that controls the drive of the head unit 5,
the image capturing unit 6 or the like, an image processing
unit 65, and an illumination control unit 66. The control
device is configured such that those units are connected by a
bus 63 to enable signal exchange therebetween.

The main control unit 61 controls the drive control unit 64,
image processing unit 65, illumination control unit 66, and
camera 21 according to the mounting program stored in the
storage unit 62, and also performs image recognition of the
components C attached to the mounting heads 16 or various
types of image processing and computational processing nec-
essary therefor, and causes the storage unit 62 to store image
data. In particular, when component recognition is per-
formed, the main control unit acquires images of two types
that differ in illumination conditions, more specifically, the
first component image obtained by lighting only the first
illumination unit 22a¢ and the second component image
obtained by lighting only the second illumination unit 225,
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while the image capturing unit 6 is scanned only once with
respect (moved relative to) the components C attached to the
mounting heads 16, controls the movement speed of the
image capturing unit 6 to recognize the holding state of the
components C by the mounting heads 16 on the basis of the
first component image and second component image, and
controls the image capture timing of the components C or the
lighting timing of the illumination device 22 on the basis of
the timing chart (FIG. 7) stored in the storage unit 62.

In the present embodiment, the image capturing unit 6, unit
drive mechanism, control unit 60 and the like correspond to
the image capturing device in accordance with the present
disclosure. Among them, the unit drive mechanism corre-
sponds to the drive device for the image capturing device. The
main control unit 61, illumination control unit 66, camera
control unit 50 and the like correspond to the image capture
control device in accordance with the present disclosure.
Further, the head unit drive mechanism, the control device 60
and the like correspond to the forwarding device in accor-
dance with the present disclosure.

A series of mounting operations performed with the com-
ponent mounting apparatus on the basis of control by the
control device 60 is explained below, and then the control of
image capturing and recognition processing of the compo-
nents C based on the timing chart shown in FIG. 7 is
explained.

In the component mounting apparatus, first, the head unit 5
moves above the component feeding unit 4, and the compo-
nents are attached and held by the mounting heads 16 (nozzles
16a). In this case, as shown in FIG. 2, the image capturing unit
6 is disposed at a predetermined standby position outside of
the arrangement region of the mounting heads 16. As a result
the image capturing unit does not hinder the component
attachment operation performed by the mounting heads 16. In
the present embodiment, the positions at both sides on the
outside of the arrangement region of the mounting heads 16 in
the X direction are taken as the standby positions (the (+) side
in the X direction is taken as the first standby position, and the
(=) side is taken as the second standby position). In the
example shown in FIG. 2, the image capturing unit 6 is
disposed at the first standby position.

Once the attachment of the component is completed, the
head unit 5 starts moving to a position above the substrate 3.
As the head unit 5 moves, the image capturing unit 6 moves at
a constant speed in the X direction from the first standby
position towards the second standby position immediately
below the components C that are attached to and held by the
mounting heads 16, whereby the images of the components C
are captured, and the attachment state of the components C
held by the mounting heads 16 is recognized on the basis of
the image data. In this case, since each mounting head 16 is
disposed at the component recognition height position above
the region through which the image capturing unit 6 passes, as
shown in FIG. 2 and FIG. 3, the image capturing unit 6 is
moved and the images of the components C are captured
without hindrance.

When there is a defective component or a component in an
attachment state that cannot be corrected among the compo-
nents C held by the mounting heads 16, this component C is
registered as a reject object, the head unit 5 moves above the
substrate 3, and the components C other than the reject object
are sequentially mounted on the substrate 3. In this case, the
components can be adequately mounted at the respective
installation positions on the substrate 3 by controlling the
position of the head unit 5 and the rotation angle of the
mounting heads 16 according to the recognition results relat-
ing to the components C.
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Where the components C are thus mounted on the substrate
3, the head unit 5 moves to a position above a component
reject box (not shown in the figure), and the component C
which is the reject object is discarded. A cycle of the mount-
ing operation is thus completed and, if necessary, the required
components C are mounted on the substrate 3 by repeating
this operation.

FIG. 7 is a timing chart illustrating the control of the
camera 21 and the illumination device 22.

Where the image capturing unit 6 starts moving, the main
controlunit 61 outputs image capture signals to the camera 21
(camera control unit 50) and the illumination control unit 66
at predetermined timings on the basis of the output signals
from the linear encoder 36. More specifically, the image
capturing unit 6 repeatedly outputs image capture signals at
each timing at which the image capturing unit moves by the
arrangement pitch p of the pixel rows 41 of the TDI sensor 26.

Where the image capture signal is inputted to the illumi-
nation device 22, the illumination device 22 is lighted for a
fixed period of time on the basis of the inputted image capture
signal. Meanwhile, the camera control unit 50 outputs a con-
trol signal to the clock driver 54, and a clock signal is output-
ted from the clock driver 54 to the TDI sensor 26, thereby
causing the TDI sensor 26 to execute the image capturing
operation. More specifically, the image capturing elements 42
of each pixel row 41 are exposed for a fixed period of time,
and after the exposure is completed, the electric charges gen-
erated in the pixel rows 41 are transferred to the adjacent pixel
rows 41.

Inthis case, each time the illumination device 22 inputs the
image capture signal from the main control unit 61, the first
illumination unit 224 and the second illumination unit 225 are
switched. By so switching the first illumination unit 224 and
the second illumination unit 225 each time the image capture
signal is inputted, it is possible to acquire the first component
image and the second component image within a single scan
of'the component C by the image capturing unit 6.

Explaining in more detail, where the image capturing unit
6 starts moving and the initial image capture signal is output-
ted, the first illumination unit 22q is initially lighted. As a
result, the image capturing elements 42 of each odd-num-
bered pixel row 41 where the light-blocking filters 43 have not
been formed, from among the pixel rows 41 of the light
receiving unit 40A of the TDI sensor 26 are exposed, as
shown in FIG. 8A, and electric charges corresponding to the
received quantity of light are generated in the image capturing
elements 42. The electric charges generated in the pixel rows
41 are transferred at a predetermined timing to the adjacent
pixel rows 41 (even-numbered pixel rows 41). In other words,
the line images created by illuminating with the first illumi-
nation unit 22q are taken in by the odd-numbered pixel rows
41, and those line images are transferred to the adjacent
even-numbered pixel rows 41. Encircled numerical symbols
in FIGS. 8A to 8C illustrate the relationship between the line
image that is to be captured and the type of illumination.
Thus, the encircled symbol 1 denotes the light image created
by illuminating with the first illumination unit 22a, and the
encircled symbol 2 denotes the line image created by illumi-
nating with the second illumination unit 225 (in FIGS. 8B and
8C, the reference numerals of each unit of the TDI sensor 26
are omitted for the sake of convenience).

Where the next image capture signal is outputted following
the movement of the image capturing unit 6, the second
illumination unit 2254 is lighted and the image capturing ele-
ments 42 of the odd-numbered pixel rows 41 are exposed, as
shown in FIG. 8B, thereby generating the electric charges
corresponding to the received quantity of light in the image
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capturing elements 42. In other words, line images created by
illuminating with the second illumination unit 225 are taken
in. In this case, since the even-numbered pixel rows 41 are
provided with the light-blocking filters 43 and no electric
charges are generated in the image capturing elements 42 of
those pixel rows 41, the electric charges of the line images that
have been earlier captured by illuminating with the first illu-
mination unit 22a are held as they are, without being affected
by illumination with the second illumination unit 225. Where
the exposure is completed, the electric charges of the pixel
rows 41 are sequentially transferred to the adjacent pixel rows
41 at a predetermined timing.

Where the image capturing unit 6 further moves and a next
image capture signal is outputted, the first illumination unit
22a is lighted and the image capturing elements 42 of the
pixel rows 41 positioned in the odd rows are exposed, as
shown in FIG. 8C. As a result, the newly generated electric
charges are added to and accumulated with the electric
charges of the line images that have been earlier captured by
illuminating with the first illumination unit 22a. In this case,
the electric charges are also not generated, as described
above, in the image capturing elements 42 ofthe pixel rows 41
positioned in the even rows, and therefore the electric charges
of the line images that have been earlier captured by illumi-
nating with the second illumination unit 225 are held as they
are without being affected by the illumination with the first
illumination unit 22a.

Thus, the image data on the line images obtained by the
addition and accumulation of electric charges of four cycles
as a result of illumination with the first illumination unit 224,
those line images relating to a single image capture line of the
components C (in other words, line images exposed multiple
(four) times) and the image data on the line images obtained
by the addition and accumulation of electric charges of four
cycles as a result of illumination with the second illumination
unit 225, while alternately lighting the first lighting unit 22a
and the second illumination unit 225 following the movement
of the image capturing unit 6, are alternately outputted from
the TDI sensor 26 over the entire length of the components C
from the front end to the rear end in the relative movement
direction, and those image data are sequentially outputted
from the camera 21 via the image take-in device 68 to the
image processing unit 65.

In the image processing unit 65, the first component image
of'the component C is generated from the image data group of
the line images obtained by illuminating with the first illumi-
nation unit 22q, and the second component image of the
components C is generated from the image data group of the
line images obtained by illuminating with the second illumi-
nation unit 225, among the image data groups of the line
images inputted from the camera 21. As a result, the main
control unit 61 recognizes the holding state of the compo-
nents C by the mounting heads 16 on the basis of the first
component image and second component image generated by
the image processing unit 65.

Thus, as mentioned hereinabove, when the timing at which
a site at a distance L from the distal end section of the com-
ponents C (distance-L site of the component) in the direction
of relative movement with respect to the image capturing unit
6 reaches a position facing the first pixel row 41 of the TDI
sensor 26, with the reflecting mirror 29 being interposed
therebetween, and the exposure is initially performed by
lighting the illumination device 22 is taken as the first timing,
and subsequent exposure timings are taken as the second
timing, third timing, . . . , the sites of the components C facing
the odd-numbered pixel rows 41 of the TDI sensor 26, with
the reflecting mirror 29 being interposed therebetween, are
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captured at the same time by the exposure at each timing. In
this case, the exposure is performed at the timings synchro-
nized with the relative movement (pitch p) of the components
C, while the first illumination unit 22« and the second illumi-
nation unit 224 are being switched.

More specifically, the electric charges are sequentially
added up and accumulated in the odd-numbered (first,
third, . . . ) pixel rows 41, following the relative movement of
the components C, with respect to the distance-(L+2ap) (a=0,
1,2,3,...) sites of the components C by lighting the first
illumination unit 22a at odd-numbered timings each time the
respective site faces the first pixel row 41, third pixel row
41, ... odd-numbered pixel row 41, with the reflecting mirror
29 being interposed therebetween.

Meanwhile, the electric charges are sequentially added up
and accumulated in the odd-numbered (first, third, . . . ) pixel
rows 41, following the relative movement of the components
C, with respect to the distance-(L+(2a+1)p) (a=0,1,2,3,...)
sites of the components C by lighting the second illumination
unit 225 at even-numbered timings each time the respective
site faces the first pixel row 41, third pixel row 41, . . .
odd-numbered pixel row 41, with the reflecting mirror 29
being interposed therebetween.

The accumulated electric charges for a single image cap-
ture line of the components C associated with the odd-num-
bered image capture timings (electric charges for the dis-
tance-(L+2ap) (a=0, 1, 2,3 ... ) sites obtained by lighting the
first illumination unit 22q) and the accumulated electric
charges for a single image capture line of the components C
associated with the even-numbered image capture timings
(electric charges for the distance-(L+(2a+1)p) (a=0, 1, 2,
3 ...)sites obtained by lighting the second illumination unit
22b) are read alternately from the pixel row 41 at one end side,
in the X direction, of the TDI sensor 26 into the respective
register rows 45, and the respective signals corresponding to
the electric charges accumulated for a single image capture
line of each site of the components C are sequentially and
alternately outputted from the TDI sensor 26. Thus, the elec-
tric charges obtained by image capturing at different timings
and under different illumination conditions at the odd-num-
bered single image capture lines and even-numbered single
image capture lines with respect to the single image capture
line of each pitch p (distance equal to the arrangement pitch p
of the pixel rows 41) in the components C, following the
movement of the image capturing unit 6, are alternately out-
putted from the TDI sensor 26, while being sequentially accu-
mulated. In other words, the line images of the single image
capture lines for each pitch p of the components C which are
exposed multiple times at the timings and illumination con-
ditions that differ among the adjacent single image capture
lines are sequentially outputted from the TDI sensor 26 over
the entire length of the components C. As a result, two com-
ponent images with different illumination conditions that are
constituted by a group of line images of single image capture
lines for every 2 pitches (2 p) of the components C are
obtained, and the main control unit 61 recognizes the holding
state of the components C by the mounting heads 16 on the
basis of those two component images.

As explained hereinabove, with such component mounting
apparatus, it is possible to acquire the first component image
obtained by illuminating with the first illumination unit 22a
and the second component image obtained by illuminating
with the second illumination unit 225 within a single scan of
the components C, which are held by the mounting heads 16,
by the image capturing unit 6.

Further, in the image capturing unit 6, the first component
image and the second component image of the components C
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are acquired by using the camera 21 provided with the TDI
sensor 26 in which the light-blocking filters 43 are formed on
the even-numbered pixel rows 41, as mentioned hereinabove,
as the camera for capturing the images of the components,
and alternately acquiring the line images exposed multiple
(four) times by illuminating with the first illumination unit
22a and the line images exposed multiple (four) times by
illuminating with the second illumination unit 225, the line
images being obtained for a single image capture line of the
components C. As a result, a component image with good
luminosity can be acquired for either of the first component
image and second component image even when the image
capturing unit 6 is scanned at a comparatively high speed.

Therefore, with the component mounting apparatus, the
component recognition can be performed by efficiently
acquiring the first component image and the second compo-
nent image, which differ from each other in illumination
conditions, without increasing the component mounting
apparatus in size or cost due to the installation of a high-
brightness illumination device.

In particular, in the TDI sensor 26 installed at the camera
21, the light-blocking filters 43 have been formed on the
even-numbered pixel rows 41 (image capturing elements 42),
as described hereinabove, and such a TDI sensor 26 can be
manufactured at a comparatively low cost by modifying the
already existing TDI sensor, for example, by applying a coat-
ing to the image capturing elements 42 of the even-numbered
pixel rows 41 and processing the image capturing elements 42
to obtain the light-blocking filters 43. Therefore, with such a
component mounting apparatus, the above-described opera-
tional effect can be achieved with a comparatively inexpen-
sive configuration.

Further, in the embodiment, an example is described in
which the first component image and second component
image are acquired by installing the illumination device 22
having illumination units 22a, 2256 of two types at the image
capturing unit 6, but it is also possible to install the illumina-
tion device 22 additionally having a third illumination unit
22c¢ (shown in FIG. 10), and thus acquire the third component
image by lighting only the third illumination unit 22¢, in
addition to the first and second component images.

In this case, a sensor in which two-row pixel rows 41 with
the light-blocking filters 43 formed therein are arranged
between the pixel rows 41 where no light-blocking filters 43
are formed, as shown in FIG. 9A, is used as the TDI sensor 26.
In the example shown in the figure, the light receiving unit
40A includes 10 pixel rows 41, and the light-blocking filters
43 are formed on the pixel rows 41 other than the first, fourth,
seventh, and tenth pixel rows 41, as counted from the left side
in the figure.

Further, in this case, the first illumination unit 224, second
illumination unit 2256, and third illumination unit 22¢ are
sequentially switched for each input of the image capture
signal under the control by the main control unit 61 based on
the timing chart shown in FIG. 10. As a result, the first to third
component images constituted by image capture lines for
every three pitches p of each component C are acquired in a
single scan of the components C by the image capturing unit
6. The case in which the images of the components C are
captured while the image capturing unit 6 moves from the (+)
side to the (-) side in the X direction is explained below in
greater detail.

Where the image capturing unit 6 starts moving and the
initial image capture signal is outputted, the first illumination
unit 22« is lighted and the image capturing elements 42 of
each odd-numbered pixel row 41 where the light-blocking
filters 43 have not been formed, are exposed, as shown in FIG.
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9A. As a result, the line images created by illuminating with
the first illumination unit 22q are taken in by the pixel rows
41, and those line images (electric charges) are transferred to
the adjacent pixel rows 41 at a predetermined timing. The
encircled symbol 1 in FIGS. 9A to 9D denotes the line image
created by illuminating with the first illumination unit 22a,
the encircled symbol 2 denotes the line image created by
illuminating with the second illumination unit 225, and the
encircled symbol 3 denotes the line image created by illumi-
nating with the third illumination unit 22¢ (in FIGS. 9B to 9D,
the reference numerals of each unit are omitted for the sake of
convenience).

Where the next image capture signal is outputted following
the movement of the image capturing unit 6, the second
illumination unit 2254 is lighted and the image capturing ele-
ments 42 of the pixel rows 41 where no light-blocking filters
43 have been formed are exposed, as shown in FIG. 9B,
whereby the line images created by illuminating with the
second illumination unit 225 are taken in by the pixel rows 41.
In this case, since the line images that have been earlier
captured by illuminating with the first illumination unit 22a
are held in the image capturing elements 42 of the pixel rows
41 where the light-blocking filters have been formed, the line
images are held as they are without being affected by the
illumination with the second illumination unit 225. Where the
exposure is completed, the electric charges of the pixel rows
41 are sequentially transferred to the adjacent pixel rows 41 at
a predetermined timing.

Where the next image capture signal is outputted following
the movement of the image capturing unit 6, the third illumi-
nation unit 22¢ is lighted and the image capturing elements 42
of the pixel rows 41 where no light-blocking filters 43 have
been formed are exposed, as shown in FIG. 9C, whereby the
line images created by illuminating with the third illumina-
tion unit 22¢ are taken in by the pixel rows 41. In this case,
since the line images that have been earlier captured by illu-
minating with the first illumination unit 224 and the second
illumination unit 224 are held in the image capturing ele-
ments 42 of the pixel rows 41 where the light-blocking filters
have been formed, the line images are held as they are without
being affected by the illumination with the third illumination
unit 22¢. Where the exposure is completed, the electric
charges of the pixel rows 41 are sequentially transferred to the
adjacent pixel rows 41 at a predetermined timing.

Where the image capturing unit 6 further moves and a next
image capture signal is outputted, the first illumination unit
22a is lighted and the image capturing elements 42 of the
pixel rows 41 where the light-blocking filters 43 have not
been formed are exposed, as shown in FIG. 9D. As a result,
the newly generated electric charges are added to and accu-
mulated with the electric charges of the line images that have
been earlier captured by illuminating with the first illumina-
tion unit 22qa. In this case, the line images that have been
earlier captured by illuminating with the second illumination
unit 225 and the third illumination unit 22¢ are also held by
the image capturing elements 42 of the pixel rows 41 where
the light-blocking filters have been formed. Therefore, those
line images are not affected by illumination with the first
illumination unit 22a.

Thus, the image data on the line images obtained by the
addition and accumulation of electric charges of four cycles
as a result of illumination with the first illumination unit 224,
those line images relating to a single image capture line of the
components C (line images exposed multiple (four) times),
the image data on the line images obtained by the addition and
accumulation of electric charges of four cycles as a result of
illumination with the second illumination unit 2254, and the
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image data on the line images obtained by the addition and
accumulation of electric charges of four cycles as a result of
illumination with the third illumination unit 22¢, while
sequentially lighting the first to third lighting units 22a to 22c,
following the movement of the image capturing unit 6, are
sequentially outputted from the TDI sensor 26. As a result, in
the image processing unit 65, the first component image is
generated from the image data group of the line images cre-
ated by illuminating with the first illumination unit 22a (im-
age data group constituted by line images of each site for
every three pitches (3 p) of the pixel rows 41 of the compo-
nents C), from among the image data on the line images
inputted from the camera 21, the second component image is
generated from the image data group of the line images cre-
ated by illuminating with the second illumination unit 225
(image data group of line images of each site for every three
pitches (3 p) of the pixel rows 41 of the components C, this
image data group being constituted by line images of each site
shifted by one pitch p of the pixel rows 41 with respect to the
sites of the components C which have been the image captur-
ing objects of the first component image), and the third com-
ponent image is generated from the image data group of the
line images created by illuminating with the third illumina-
tion unit 22¢ (image data group of line images of each site for
every three pitches (3 p) of the pixel rows 41 of the compo-
nents C, this image data group being constituted by line
images of each site shifted by two pitches 2 p ofthe pixel rows
41 with respect to the sites of the components C which have
been the image capturing objects of the first component
image).

The configuration according to the abovementioned
embodiment basically may be used also in the case in which
four or more illumination units are selectively lighted and
four or more component images that differ from each other in
illumination conditions are acquired. Essentially, it is pos-
sible to use the TDI sensor 26 equipped with the light receiv-
ing unit 40A, in which one pixel row 41 where the light-
blocking filters 43 have not been formed and pixel rows 41
having the light-blocking filters 43 formed therein, the num-
ber of the latter pixel rows 41 being obtained by subtracting
one from the number of the illumination units, are arranged
alternately, as the TDI sensor 26 of the camera 21, and capture
the images of the components C while sequentially switching
the illumination units that are lighted.

Further, in the abovementioned embodiment, the case in
which a plurality of component images obtained by switching
the illumination units 22a, 225, 22¢ of the illumination device
22, that is, a plurality of component images obtained by
switching the illumination direction, is acquired is explained
as an example of acquiring a plurality of component images
with mutually different illumination conditions. However, for
example, a plurality of component images with mutually
different illumination conditions such as the illumination
intensity (luminous intensity) or the color of the illumination
light may be also acquired. For example, it is possible to use
a device in which illumination lights of red (R), green (G),
and blue (B) colors can be selectively radiated as the illumi-
nation device 22 and acquire three component images of red,
green, and blue colors on the basis of the timing chart shown
in FIG. 10. In this case, the color image of the components C
can be generated by combining those component images in
the image processing unit 65. In other words, the color image
of the components C can be acquired by a single scan of the
image capturing unit 6 with respect to the components C.

Second Embodiment

In the first embodiment, a sensor in which the light-block-
ing filters 43 are formed at image capturing elements 42 of
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specific pixel rows 41 is used as the TDI sensor 26 of the
camera 21, but a TDI sensor 26 A such as shown in FIG. 11 can
be also used.

The TDI sensor 26 A shown in the figure has a configura-
tion in which line memory 41' is provided instead of the pixel
row 41 where the light-blocking filters 43 have been formed,
from among the pixel rows 41 of the TDI sensor 26 shown in
FIG. 4. In the line memory 41', a plurality of capacitors 42'
(correspond to charge holding units in accordance with the
present disclosure) each corresponding to the respective
image capturing element 42 of the pixel row 41 having the
light-blocking filters 43 formed therein in the first embodi-
ment is arranged in the direction parallel to the adjacent pixel
rows 41 and has only a function ofholding the electric charges
transferred from the image capturing elements 42 of the adja-
cent pixel rows 41. In the TDI sensor 26 A, the register rows 45
read the electric charges from the image capturing elements
42 of the corresponding pixel rows 41 or the capacitors 42' of
the line memories 41', and the read-out charges are trans-
ferred to the image capturing elements 42 of the adjacent
pixel rows 41 or the capacitors 42' of the line memories 41', as
shown by the outline arrows in the figure.

With such a TDI sensor 26A, the degree of freedom in
selecting the shape is high to the extent that no light reception
area should be ensured for the line memories 41', by contrast
with the pixel rows 41. For this reason, as shown in the figure,
the line memories 41' can be formed narrower in the X direc-
tion (arrangement direction of the pixel rows 41) than the
pixel rows 41. With such a TDI sensor 26A, the number of
pixel rows 41 (effective pixel rows 41 that can be exposed)
that can be arranged in the same range as that of the TDI
sensor 26 shown in FIG. 4 can be larger than that in the TDI
sensor 26. As a result, when alternate image capturing is
performed under two illumination conditions, the width ratio
of the line images of the sites of the components C can be
made larger than the width ratio of the lines for which no
image is captured (therefore, the line images of the cites of the
components C obtained under the two illumination condi-
tions partially overlap), and a resolution (resolution in the X
direction) that can be realized with respect to the two com-
ponent images obtained under the two illumination condi-
tions can be higher than that of the TDI sensor 26 shown in
FIG. 4. Therefore, the merit of using the camera 21 equipped
with the TDI sensor 26A is that two component images of
higher accuracy can be acquired by using the configuration
substantially identical to that of the first embodiment. Con-
versely, where the resolution (resolution in the X direction) is
the same as that of the TDI sensor 26 shown in FIG. 4, the TDI
sensor 26A can be reduced in size in the X direction with
respect to the TDI sensor 26. The resultant merit in this case
is that the camera 21 can be miniaturized, thereby contribut-
ing to the reduction in size and weight of the image capturing
unit 6.

As mentioned hereinabove, when the width size (size in the
X direction) of the memories 41' is less than the width size of
the pixel rows 41, as mentioned hereinabove, the pitches of
the pixel rows 41 and the rows including the line memories 41'
differ from each other. Therefore, when the camera 21
equipped with the TDI sensor 26A is used, the image capture
signals may be outputted from the main control unit 61 to the
camera 21 according to the output signals from the linear
encoder 36 so that the switching of the illumination device 22,
the exposure with image capturing elements 42 of the pixel
rows 41 (operation of taking in the line images), and the
transfer of electric charges (line images) may be adequately
performed on the basis of the pitches.
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A TDI sensor equipped with the line memories 41' instead
of the pixel rows 41 where the light-blocking filters 43 have
been formed, from among the pixel rows 41 of the TDI sensor
26, for example, shown in FIGS. 9A to 9D, can be used as a
TDI sensor similar to the TDI sensor 26 A. With the configu-
ration of such a TDI sensor, it is possible to acquire the
component images with a resolution (resolution in the X
direction) higher than that of the TDI sensor 26A, while
acquiring three component images under illumination condi-
tions of three types in the same manner as with the TDI sensor
26 shown in FIG. 9.

Third Embodiment

The camera 21 equipped with a TDI sensor 26B such as
shown in FIG. 12 can be also used as the camera 21 of the
image capturing unit 6.

The TDI sensor 26B shown in the figure has a configuration
in which a pixel row group constituted by a plurality of pixel
rows 41 that is arranged continuously in a predetermined
sequence and has mutually different wavelengths of light that
can be received is taken as a unit, and a plurality of such pixel
row groups is arranged in a row. More specifically, the sensor
has a configuration in which a group including a pixel row 41
that is equipped with a red filter R and, therefore, can receive
only red light, a pixel row 41 that is equipped with a green
filter G and, therefore, can receive only green light, and a pixel
row 41 that is equipped with a blue filter B and, therefore, can
receive only blue light, and having those pixel rows arranged
in a predetermined sequence is taken as one pixel row group,
and a plurality (three in the example shown in the figure) of
such pixel row groups is arranged in a row.

When the camera 21 equipped with the TDI sensor 26B is
used, the main control unit 61 controls the illumination con-
trol unit 66 that should light only the predetermined illumi-
nation unit from among the first illumination unit 22q and the
second illumination unit 225 according to the components C.
Further, the main control unit 61 moves the image capturing
unit 6 at a constant speed (moves relative to the components
C), and the image capture signals are outputted at the timings
the image capturing unit 6 moves through a distance which is
three times the arrangement pitch of the pixel rows 41. Thus,
the illumination units are lighted at the abovementioned tim-
ings by controlling the illumination control unit 66. The main
control unit 61 then controls the camera control unit 50 to
expose the image capturing elements 42 of the pixel rows 41
of the TDI sensor 26 according to the input of the image
capture signals from the main controlunit 61, and controls the
clock driver 54 so that the transfer of the line images (electric
charges) is performed three times per such one-cycle expo-
sure. In other words, as shown by the solid lines, broken lines,
and dot-dash lines in the figure, the electric charge transfer
timing is controlled such that the electric charges of the pixel
rows 41 belonging to each pixel row group are transferred to
the pixel rows 41 corresponding to the adjacent pixel row
group, that is, to the pixel rows 41 having the same filter
formed therein.

In the component mounting apparatus using the camera 21
equipped with such a TDI sensor 26 B, the component images
ofred, green, and blue colors are acquired as the images of the
components C within one scan of the image capturing unit 6
with respect to the components C. Thus, where the movement
of the image capturing unit 6 is started and the initial image
capture signal is outputted from the main control unit 61, the
image capturing elements 42 ofthe pixel rows 41 are exposed,
whereby the red, green, and blue line images are taken in by
the pixel rows 41 of the pixel row groups. Those line images
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are transferred to the corresponding pixel rows 41 of the
adjacent pixel row groups. Therefore, as a result of the line
images being sequentially transferred to the corresponding
pixel rows 41 of the adjacent pixel row groups, while the pixel
rows 41 are being exposed, the red, green and blue line images
which are the line images of the same image capture line and
are obtained by respective multiple exposures are outputted
from the TDI sensor 26B to the image processing unit 65.

The image processing unit 65 generates an image on the
basis of the line images with a common light reception wave-
length, that is, the line images of the same color, from among
the line images outputted from the TDI sensor 26 B, whereby
a component image constituted by a line image group of the
sites of the components C for every three pitches of the pixel
rows 41 is generated for each of the three colors, and the color
image of the components C is generated by combining those
images. Therefore, the main control unit 61 recognizes the
holding state of the components C by the mounting heads 16
on the basis of the color image of the components C.

In the case explained herein, the color image of the com-
ponents C is generated by acquiring the component images of
three primary colors, but the abovementioned configuration
also makes it possible to acquire, for example, an IR (infra-
red) image and an image with blocked IR radiation as the
images of the components C. In such a case, a sensor in which
a pixel row 41 receiving only IR radiation as a result of
providing IR-transmitting filters and a pixel row 41 receiving
light other than IR radiation as a result of providing IR-
blocking filters are taken as a single pixel row group, and a
plurality of such pixel row groups is arranged in a row may be
used as the TDI sensor 26B.

Other Embodiments

(1) Inthe above-described embodiments, the configuration
is explained in which the image capturing unit 6 is installed on
the head unit 5 and the image capturing unit 6 is moved with
respect to the components C attached to and held by the
mounting heads 16, but such a configuration is not limiting.
For example, a configuration may be also used in which the
image capturing unit is fixedly disposed at the base 1, and the
image of the components C held by the mounting heads 16 is
captured by moving the head unit 5 relative to the image
capturing unit under the control by the main control unit 61.
In this case, the camera may be disposed to face upward, and
the reflective light (component image) from the components
C may be taken in directly by the camera 21 under the illu-
mination with the illumination device 22, without introducing
the reflecting mirror.

In this case, the head unit drive mechanism that moves the
head unit 5 in the XY direction and the control device 60 are
the moving device in accordance with the present disclosure.

(2) In the abovementioned embodiments, the head unit 5
has a plurality of mounting heads 16 arranged in a row in the
X direction, but the plurality of mounting heads 16 may be
arranged in two, front and rear, rows (two rows in the Y
direction). In this case, the number of pixels in the pixel rows
41 of the TDI sensor 26 may be set such that the images of the
components C held by the front and rear mounting heads 16
could be captured simultaneously by the TDI sensor 26. Fur-
ther, for example, when the illumination conditions of the
components C attached to the front and rear mounting heads
16 differ from each other, it is possible to acquire the compo-
nent images with mutually different illumination conditions
including the front and rear components C, while alternately
switching the illumination conditions, extract the component
images captured under the illumination conditions corre-
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sponding to the components C on one side, from among the
front and rear components C, from those component images
in the image processing unit 65, generate the component
image of the components C on the one side by the extracted
component images, and similarly generate the component
images with respect to the components C on the other side.

(3) In the first embodiment (example shown in FIG. 8), an
example is explained in which component images of two
types are acquired with the TDI sensor 26 by alternately
lighting the first illumination unit 22a and the second illumi-
nation unit 225, but a configuration may be also used in which
the image capturing mode in which component images of two
types are acquired by alternately switching the two illumina-
tion units 224, 226 according, for example, to the type of the
components C and the image capturing mode in which a
component image of one type is acquired by lighting either of
the first illumination unit 22¢ and the second illumination unit
22b are switched by the control device 60. A similar configu-
ration may be also used in the example shown in FIG. 9.
Further, in the example shown in FIG. 9, the component
images of two types can be acquired by performing the initial
two exposures, from among the three (first to third timings)
consecutive exposures, by lighting a common illumination
unit (for example, the first illumination unit 22a) and per-
forming the last exposure by lighting a different illumination
unit (for example, the second illumination unit 225). There-
fore, in the example shown in FIG. 9, the image capturing
modes in which the component image of one type, component
images of two types, and component images of three types are
acquired may be switched by the control device 60 according
to the type of the components C.

(4) In the abovementioned embodiments, the configuration
is explained in which the image capturing apparatus in accor-
dance with the present disclosure is installed on the surface
mounting machine, but such a configuration is not limiting.
For example, the image capturing apparatus can be installed
on a component testing apparatus for inspecting electronic
components such as IC chips.

FIG. 13 is a plan view illustrating a component testing
apparatus 70 (corresponding to the component testing appa-
ratus in accordance with the present disclosure) having
installed thereon the image capturing apparatus inaccordance
with the present disclosure. In the figure, the XY coordinate
axes are shown to clarity the dimensional relationship.

As shown in the figure, the cassette placing unit 73 capable
of'loading a cassette 72 in which wafers Wa with diced bare
chips are accommodated in multiple stages in the vertical
direction is provided on a base 71 of a component testing
apparatus 70. The cassette 72 loaded on the cassette placing
unit 73 is conveyed by a conveying mechanism (not shown in
the figure) to a position below an opening 74 formed in the
base 71, and the bare chips are lifted at this position with a
take-out member 75. The take-out member 75 conveys the
bare chips from the opening 74 to a component standby unit
77 along a rail 76 extending in the Y direction on the base 71.
The component standby unit 77 is disposed between a pair of
rails 78 extending in the X direction on the base 71. The bare
chips carried to the component standby unit 77 are conveyed
to an inspection socket 81 on the base 71 by a pair of head
units 79, 80 driven along the rails 78, and the bare chips are
subjected to the predetermined inspection. The head units 79,
80 have a head for chip attachment, and the bare chips are
attached and held by the head.

In such a component testing apparatus 70, image capturing
units 106, 116 are fixedly provided between the component
standby unit 77 and the inspection socket 81 (corresponding
to the inspection unit in accordance with the present disclo-
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sure) on the base 71. The image capturing units 106, 116
include a camera for capturing, from below, the images of the
bare chips held by the head units 79, 80, an illumination
device, and a casing integrally holding the camera and the
illumination device (details of this configuration are herein
omitted). For example, a camera equipped with a TDI sensor
similar to the TDI sensor shown in FIG. 4 is provided as the
camera, and an illumination device having a plurality of illu-
mination units that have mutually different illumination
directions is provided similarly to the illumination device 22
shown in FIG. 3.

The image capturing units 106, 116 capture the images of
the bare chips conveyed from the component standby unit 77
to the inspection socket 81, and a control device (not shown in
the figure) detects defects (for example, a bump height
defects) on the basis of the image data. In this case, the
conveyance speed of the bare chips, the timings of image
capturing with the camera (TDI sensor), the switching timing
of the illumination units, and the transfer timing of line
images (electric charges) in the TDI sensor are controlled by
the control device (not shown in the figure) as in the above-
described component mounting apparatus. As a result, a plu-
rality of images with different illumination conditions are
acquired as the bare chip is conveyed in one direction above
the image capturing units 106, 116, and the control unit deter-
mines the presence of defects in the bare chips on the basis of
this plurality of images.

The bare chips detected to be defective are conveyed by the
head units 79, 80 to a defective product tray 83 placed on a
defective product recovery unit 82 on the base 71. In addition,
the control device detects the posture of the base chips with
respect to the head units 79, 80 on the basis of the plurality of
images. In this case, the bare chips detected to be displaced
with respect to the head units 79, 80 are conveyed to the
inspection socket 81 after the position thereof is corrected by
the head units 79, 80.

The bare chips determined to be defective by the inspection
in the inspection socket 81 are conveyed by the head units 79,
80 to the defective product tray 83, but the bare chips that are
detected to be free of defects are conveyed by the head units
79, 80 to the component accommodation unit 84 on the base
71 and accommodated in a base tape 85 for a tape feederin the
component accommodation unit 84, and a cover tape (not
shown in the figure) is pasted therein in the base tape 85.

Where the defective product tray 83 of the defective prod-
uct recovery unit 82 is full, the tray 83 is transferred by a tray
movement mechanism (not shown in the figure) to a tray
discharge unit 86. The tray 88 located in the tray standby unit
87 adjacent to the defective product recovery unit 82 is trans-
ferred by the head units 79, 80 to the defective product recov-
ery unit 82, and an empty tray is transferred by a tray move-
ment mechanism (not shown in the figure) from an empty tray
placement unit 89 to the tray standby unit 87.

In this embodiment, the image capturing units 106, 116,
head units 79, 80, drive mechanism for the head units, control
device and the like correspond to the image capturing appa-
ratus in accordance with the present disclosure. Among them,
the head units 79, 80 and the drive mechanism for the head
units correspond to the moving device of the image capturing
apparatus, and the control device corresponds to the image
capture control device in accordance with the present disclo-
sure. Further, the head unit drive mechanism and control
device correspond to the forwarding device in accordance
with the present disclosure.

In the configuration explained herein, the image capturing
units 106, 116 are disposed on the base 71 of the component
testing apparatus 70, but such configuration is not limiting,
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and for example the configuration can be also used in which
the image capturing units 106, 116 are movably attached to
the head units 79, 80, in the same manner as in the component
mounting apparatus shown in FIG. 2 or the like.

(5) The image capturing apparatus in accordance with the
present disclosure can be installed not only on the component
mounting apparatus or component testing apparatus, as
described hereinabove, but also on a printed substrate inspec-
tion apparatus (one of the substrate inspection apparatuses in
accordance with the present disclosure) that inspects a sub-
strate printed with a paste such as a soldering paste in a screen
printing apparatus. The printed substrate inspection appara-
tus includes a substrate holding unit that holds the substrate
substantially horizontally, an image capturing unit that is
supported to be capable of moving in a plane (XY directions)
parallel to the printed substrate relative to the printed sub-
strate held by the substrate holding unit, a drive mechanism
(corresponds to the moving device in accordance with the
present disclosure) that moves the image capturing unit and
the substrate relative to each other, and a control device for
integrally controlling the aforementioned units. The image
capturing unit includes a camera for capturing the image of
the substrate from above, an illumination device, and a casing
in which the camera and the illumination device are integrally
held. A camera equipped with a TDI sensor equivalent to the
TDI sensor shown in FIG. 4 is provided as the camera, and the
illumination device has a plurality of illumination units with
mutually different illumination directions, similarly to the
illumination device 22 shown in FIG. 3.

Thus, the printed substrate inspection apparatus detects the
defective places on the basis of the image data by capturing
the images of printed places, while moving the image captur-
ing unit with respect to the substrate. In this case, the convey-
ance speed of the image capturing unit, the timings of image
capturing with the camera (TDI sensor), the switching tim-
ings of the illumination units, the transfer timings of line
images (electric charges) in the TDI sensor and the like are
controlled by the control device (not shown in the figure) as in
the above-described component mounting apparatus. As a
result, a plurality of images with different illumination con-
ditions are acquired as the image capturing unit is moved in
one direction above the printed places, and the control device
determines whether or not the printed places are defective on
the basis of this plurality of images.

(6) The image capturing apparatus in accordance with the
present disclosure can be also installed at a mounted substrate
inspection apparatus (one of the substrate inspection appara-
tuses in accordance with the present disclosure). The
mounted substrate inspection apparatus captures the images
of component mounted places on a substrate with a camera
and recognizes the mounting state of the components on the
basis of the image data. The configuration equivalent to that
of'the above-described printed substrate inspection apparatus
can be used for the mounted substrate inspection apparatus.
With the mounted substrate inspection apparatus, it is pos-
sible to acquire a plurality of images with different illumina-
tion conditions and determine whether or not the component
mounting is defective on the basis of this plurality of images,
in the same manner as in the printed substrate inspection
apparatus.

The specific configurations of the TDI sensor, image cap-
turing apparatus, component mounting apparatus, compo-
nenttesting apparatus, printed substrate inspection apparatus,
and mounted substrate inspection apparatus, which are
described by way of examples in the embodiments of the
present disclosure, can be changed, as appropriate, without
departing from the essence of the present disclosure. Further,
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although not described specifically, the configuration, for
example, of the image capturing unit that is explained in the
component mounting apparatus can be likewise applied to a
component testing apparatus and a substrate inspection appa-
ratus such as a printed substrate inspection apparatus and
mounted substrate inspection apparatus (such applications
are, however, not described herein).

The above-described present disclosure is summarized
below.

Thus, the TDI sensor according to one aspect of the present
disclosure is a TDI sensor that performs an operation of
capturing a line image at predetermined timings and outputs,
as an image of each image capture line, the line image
exposed a plurality of times. The TDI sensor including: a light
receiving unit including pixel rows each having a plurality of
image capturing elements arranged in a first direction and
generating and holding electric charges corresponding to
respective exposure amounts, and electric charge holding
rows each having a plurality of electric charge holding sec-
tions having only a function of holding the electric charges
and arranged in the first direction so as to correspond to
respective image capturing elements ofthe pixel rows. One of
the pixel rows and one or a plurality of the electric charge
holding rows being alternately arranged in a second direction
orthogonal to the first direction. A transfer unit sequentially,
on a row-by-row basis, transfers electric charges held by the
image capturing elements of the pixel rows and the electric
charge holding sections of the electric charge holding rows to
adjacent rows, and outputs, as a signal of the line image, a
signal corresponding to electric charges finally accumulated
by the transfer.

An image capturing apparatus according to another aspect
of the present disclosure is an image capturing apparatus for
capturing images of an object under a specific number and a
plurality of illumination conditions. The image capturing
apparatus including: a TDI sensor which is the abovemen-
tioned TDI sensor having, as the light receiving unit, a light
receiving unit in which one of the pixel rows and the electric
charge holding rows, the number thereof being obtained by
subtracting one from the specific number, are arranged alter-
nately; a moving device for moving the object in the second
direction relative to the TDI sensor; an illumination device
capable of illuminating the object moved by the moving
device and changing the illumination condition thereof to the
plurality of illumination conditions; an image capture control
device for controlling an image capture timing of the TDI
sensor and a switching timing of the illumination conditions
of'the illumination means so that the line images of the object
for each of the illumination conditions are taken in by the
image capturing elements of the pixel rows, while the illumi-
nation condition of the illumination device is sequentially
switched to the plurality of illumination conditions as the
object is moved relative to the TDI sensor, and also for con-
trolling transfer timings of the electric charges in the TDI
sensor so that the electric charges are transferred synchro-
nously with the image capture timing; and an image process-
ing device for generating the specific number ofimages ofthe
object by generating images of the object on the basis of line
images with mutually common illumination conditions, from
among the line images outputted from the TDI sensor.

In the image capturing apparatus, for example, when the
images under two illumination conditions (first illumination
condition and second illumination condition) are acquired, a
sensor in which pixel rows and electric charge holding rows
are arranged alternately is provided as the TDI sensor, and a
device that can be changed to two illumination conditions is
provided as the image capturing device.
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With such an image capturing apparatus, as a result of
performing the image capturing operation while switching
the illumination conditions during the relative movement of
the object, it is possible to acquire two images with different
illumination conditions as the images of the object as the
object moves relative to the TDI sensor. More specifically, the
image capturing elements of each pixel row are initially
exposed under the first illumination condition, following the
movement of the object, whereby a line image (referred to as
first illumination image) is taken in by the pixel rows. The line
images (that is, electric charges) of the pixel rows are trans-
ferred to and held by the adjacent charge holding rows before
the next exposure is performed. The image capturing ele-
ments of the pixel rows are then exposed under the second
illumination condition, whereby the line images (referred to
as second illumination image) is taken in by the pixel rows. In
this case, the first illumination image is held in the electric
charge holding units and is, therefore, not affected by the
illumination light. The second illumination image of the pixel
rows is thereafter transferred to the adjacent electric charge
holding sections, and the first illumination image of the elec-
tric charge holdings sections is transferred to the adjacent
pixel rows. Then, the image capturing elements of the pixel
rows are exposed under the first illumination condition,
thereby re-exposing the first illumination image in the pixel
rows (electric charges are added up). Thus, a line image
exposed a plurality of times under the first illumination con-
dition, which is the line image of a specific single image
capture line of the object, and a line image exposed a plurality
oftimes under the second illumination condition, whichis the
line image of the following single image capture line of the
object, are outputted alternately from the TDI sensor. The
component image under the first illumination condition and
the component image under the second illumination condi-
tion are then generated by generating the image of the object
on the basis of line images with common illumination condi-
tions, from among the light images outputted from the TDI
sensor, in the image processing device.

In the TDI sensor, the electric charge holding rows may
hold the line images (electric charges) in a state that is unaf-
fected by the illumination light. Therefore, the electric charge
holding rows may have capacitors arranged as the electric
charge holding sections and also may be pixel rows which are
equivalent to the aforementioned pixel rows, but in which a
light-blocking section preventing the incidence of light is
formed on the surface of each image capturing element.
Where the former configuration is used in this case, the TDI
sensor can be manufactured comparative easily and inexpen-
sively by the conventional semiconductor process. In addi-
tion, the degree of freedom in selecting the shape of the
electric charge holding sections is high. Therefore, for
example, where the electric charge holding row is made to
have a width less than a width of the pixel row in the second
direction, the TDI sensor can be reduced in size in the second
direction, while maintaining the resolution in the same direc-
tion. Meanwhile, where the latter configuration is used, the
TDI sensor can be easily obtained, for example, by addition-
ally providing light-blocking sections on the specific pixel
rows of the already existing TDI sensor.

Further, in the image capturing apparatus, the illumination
device may be configured to be capable of irradiating selec-
tively the object with illumination lights of three primary
colors, as the illumination conditions, and the image process-
ing device may generate images of the three primary colors as
the plurality of images of the object, and generate a color
image by combining the images of the three primary colors.
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With such a configuration, the color image of the object can
be acquired by moving the component only once relative to
the TDI sensor.

The TDI sensor according to another aspect of the present
disclosure is a TDI sensor that performs an operation of
capturing a line image at predetermined timings and outputs,
as an image of each image capture line, the line image
exposed a plurality of times. The sensor including: a light
receiving unit including a plurality of pixel rows each having
a plurality of image capturing elements arranged in a first
direction and generating and holding electric charges corre-
sponding to respective exposure amounts, those pixel rows
being arranged in a second direction orthogonal to the first
direction; and a transfer unit that sequentially, on a row-by-
row basis, transfers electric charges held by the pixel rows to
adjacent rows and outputs, as a signal of the line image, a
signal corresponding to electric charges finally accumulated
by the transfer, wherein the light receiving unit has a configu-
ration in which a pixel row group constituted by a plurality of
pixel rows arranged continuously in a predetermined
sequence in the second direction and having mutually differ-
ent wavelengths of light that can be received is taken as a unit,
and a plurality of such pixel row groups is arranged in the
second direction.

The image capturing apparatus according to another aspect
of the present disclosure is an image capturing apparatus for
capturing images of an object and acquiring images of a
plurality of types. The image capturing apparatus including:
the TDI sensor; a moving device for moving the object in the
second direction relative to the TDI sensor; an illumination
device for illuminating the object moved by the moving
device; an image capture control device for controlling an
image capture timing of the TDI sensor so that the line images
of the object are taken in by the image capturing elements of
the pixel rows, as the object is moved relative to the TDI
sensor, and also for controlling transfer timings of the electric
charges so that the electric charges of each pixel row belong-
ing to each pixel row group are transferred to the pixel row
corresponding to the adjacent pixel row group after the image
capture operation of the TDI sensor and before the next image
capture operation; and an image processing device for gen-
erating images of the object, the number thereof correspond-
ing to the number of the pixel rows included in the pixel row
group, by generating images of the object on the basis of line
images with a common light reception wavelength, from
among the line images outputted from the TDI sensor.

In such an image capturing apparatus, a plurality of images
with mutually different wavelengths of the received light is
acquired as images of the object, as the object moves relative
to the TDI sensor. Thus, the line images with mutually differ-
ent wavelengths are taken in by respective pixel rows by
exposing the image capturing elements of the pixel rows
included in the pixel row group, following the movement of
the object. Those line images (charges) of the pixel rows are
transferred to and held in the corresponding pixel rows of the
adjacent pixel row group before the next exposure. Thus, line
images exposed a plurality of times, which are a plurality of
line images with mutually different wavelengths of the
received light, are sequentially outputted from the TDI sen-
sor. Further, in the image processing device, the images of the
object are generated on the basis of line images with a com-
mon light reception wavelength, from among the line images
outputted from the TDI sensor, whereby the images of the
object, the number thereof corresponding to the number of the
pixel rows included in the pixel row group, are generated.

Inthe image capturing apparatus, the TDI sensor has, as the
pixel row group, a pixel row group including three pixel rows,
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each capable of receiving only light of a respective one of
three primary colors; and the image processing device gen-
erates an image of the object of the respective one of three
primary colors on the basis of line images with a common
color, from among the line images outputted from the TDI
sensor, and generates a color image of the object by combin-
ing the images of the three primary colors.

With such a configuration, the color image ofthe object can
be acquired by moving the component only once relative to
the TDI sensor.

A component mounting apparatus according to another
aspect of the present disclosure includes: a head capable of
holding a component; the abovementioned image capturing
apparatus for capturing an image of the component as an
object; and a forwarding device for forwarding the compo-
nent with the head onto a substrate upon recognizing a hold-
ing state of the component using the head on the basis of
image data on the component which is held by the head and
the image of which has been captured by the image capturing
apparatus, wherein the moving device of the image capturing
apparatus moves the head and the TDI sensor relative to each
other in the second direction, and the forwarding device
mounts the component on the substrate by moving the head
relative to the substrate.

With the component mounting apparatus, a plurality of
component images is acquired as component images of the
component by moving the component, which is held by the
head, only once with respect to the TDI sensor. Further, the
component is mounted on the substrate upon recognizing the
holding state of the component with the head on the basis of
the component images.

A component testing apparatus according to another aspect
of'the present disclosure includes: a head capable of holding
a component; the abovementioned image capturing apparatus
for capturing an image of the component as an object; and a
forwarding device for forwarding the component with the
head onto a predetermined inspection unit upon recognizing
a holding state of the component with the head on the basis of
image data on the component which is held by the head and
the image of which has been captured by the image capturing
apparatus, wherein the moving device of the image capturing
apparatus moves the head and the TDI sensor relative to each
other in the second direction, and the forwarding device
places the component on the inspection unit by moving the
head relative to the inspection unit.

With the component testing apparatus, a plurality of com-
ponent images is acquired as component images of the com-
ponent by moving the component, which is held by the head,
only once with respect to the TDI sensor. Further, the com-
ponent is mounted on the substrate upon recognizing the
holding state of the component with the head on the basis of
the component images.

A substrate inspection apparatus according to another
aspect of the present disclosure includes: the abovementioned
image capturing apparatus for capturing an image of a sub-
strate, as an object, subjected to printing or having a compo-
nent mounted thereon; and recognition device for recogniz-
ing a printing state or a component mounting state on the basis
of'an image of an inspection object location which is captured
by the image capturing apparatus, wherein the moving device
of'the image capturing apparatus moves the substrate and the
TDI sensor relative to each other in the second direction.

With the substrate testing apparatus, a plurality of images is
acquired as component images of the inspection object loca-
tion on the substrate by moving the substrate only once with
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respect to the TDI sensor, and the printing state or component
mounting state is recognized on the basis of a plurality of
images.

INDUSTRIAL APPLICABILITY

As described hereinabove, the TDI sensor, image capturing
apparatus, component mounting apparatus, component test-
ing apparatus, and substrate inspection apparatus in accor-
dance with the present disclosure are capable of effectively
and rapidly acquiring component images of a plurality of
types and are useful in the field of manufacturing component-
mounted substrates.

The invention claimed is:

1. An image capturing apparatus for capturing images of a
first component and a second component under mutually
different illumination conditions, the image capturing appa-
ratus comprising:

a TDI sensor having: a light receiving unit including pixel
rows each having a plurality of image capturing ele-
ments arranged in a first direction and generating and
holding electric charges corresponding to respective
exposure amounts, and electric charge holding rows
each having a plurality of electric charge holding sec-
tions having only a function of holding the electric
charges and being arranged in the first direction so as to
correspond to respective image capturing elements of
the pixel rows, one of the pixel rows and one or a plu-
rality of the electric charge holding rows being alter-
nately arranged in a second direction orthogonal to the
first direction; and a transfer unit sequentially, on a row-
by-row basis, transferring electric charges held by the
image capturing elements of the pixel rows and the elec-
tric charge holding sections of the electric charge hold-
ing rows to adjacent rows, and the transfer unit outputs,
as a signal of a line image, a signal corresponding to
electric charges finally accumulated by the transfer;

a moving device including two heads arranged in the first
direction for moving the first component and the second
component at the same time in the second direction
relative to the TDI sensor in a state in which the two
components are respectively held by the two heads;

an illumination device capable of illuminating the two
components moved by the moving device at the same
time under the same illumination conditions, and chang-
ing an illumination condition thereof to illumination
conditions of the two components;

an image capture control device for controlling an image
capture timing of the TDI sensor and a switching timing
of the illumination conditions of the illumination device
so that line images of the two components for each of the
illumination conditions are taken in at the same time by
the image capturing elements of the pixel rows, while the
illumination condition of the illumination device is
sequentially switched to the illumination conditions of
the two components as the two components are moved
relative to the TDI sensor, and also for controlling trans-
fer timings of the electric charges in the TDI sensor so
that the electric charges are transferred synchronously
with the image capture timing; and

an image processing device for generating images of the
first component by extracting images of the first compo-
nent from the line images of the two components cap-
tured under the illumination condition of the first com-
ponent, and generating images of the second component
by extracting images of the second component from the
line images of the two components captured under the
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illumination condition of the second component, from
among the line images outputted from the TDI sensor.

2. The image capturing apparatus according to claim 1,
wherein

the electric charge holding row is a pixel row which is
equivalent to the pixel row, and includes a light-blocking
section preventing incidence of light on a surface of each
image capturing clement.

3. The image capturing apparatus according to claim 1,

further comprising

aforwarding device for forwarding the component with the
head onto a substrate upon recognizing a holding state of
the component using the head on the basis of image data
on the component, wherein

the forwarding device mounts the component on the sub-
strate by moving the head relative to the substrate.

4. The image capturing apparatus according to claim 1,

further comprising

aforwarding device for forwarding the component with the
head onto a predetermined inspection unit upon recog-
nizing a holding state of the component with the head on
the basis of image data on the component, wherein

the forwarding device places the component on the inspec-
tion unit by moving the head relative to the inspection
unit.

5. An image capturing apparatus for capturing images of a
component under a specific number and a plurality of illumi-
nation conditions, the image capturing apparatus comprising:

a TDI sensor having: a light receiving unit including pixel
rows each having a plurality of image capturing ele-
ments arranged in a first direction and generating and
holding electric charges corresponding to respective
exposure amounts, and electric charge holding rows
each having a plurality of electric charge holding sec-
tions having only a function of holding the electric
charges and being arranged in the first direction so as to
correspond to respective image capturing elements of
the pixel rows, one of the pixel rows and one or a plu-
rality of the electric charge holding rows, a number
thereof being obtained by subtracting one from the spe-
cific number, being alternately arranged in a second
direction orthogonal to the first direction; and a transfer
unit sequentially, on a row-by-row basis, transferring
electric charges held by the image capturing elements of
the pixel rows and the electric charge holding sections of
the electric charge holding rows to adjacent rows, and
the transfer unit outputs, as a signal of a line image, a
signal corresponding to electric charges finally accumu-
lated by the transfer;

a moving device having a head capable of holding a com-
ponent for moving the component in the second direc-
tion relative to the TDI sensor in a state in which the
component is held by the head;

an illumination device capable of illuminating the compo-
nent moved by the moving device and changing the
illumination conditions thereof to the plurality of illu-
mination conditions;

an image capture control device for switching, according to
a type of the component held by the head, a first image
capture mode in which line images of the component for
each of the illumination conditions are taken in by the
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image capturing elements of the pixel rows, while the
illumination condition of the illumination device is
sequentially switched to the plurality of illumination
conditions as the component is moved relative to the TDI
sensor, and a second image capture mode in which line
images of the component are taken in by the image
capturing elements of the pixel rows in a state in which
the illumination condition of the illumination device is
fixed to a single illumination condition, from among the
plurality of illumination conditions, by controlling the
TDI sensor and the illumination device; and
an image processing device for generating the specific
number of component images of a plurality of types by
generating images of the component on a basis of line
images with mutually common illumination conditions,
from among the line images outputted from the TDI
sensor in the first image capture mode, and generating an
image of a component of one type on a basis of the line
images outputted from the TDI sensor in the second
image capture mode.
6. The image capturing apparatus according to claim 1,
wherein
the electric charge holding row includes capacitors
arranged as the electric charge holding sections.
7. The image capturing apparatus sensor according to
claim 6, wherein
the electric charge holding row has a width less than a
width of the pixel row in the second direction.
8. The image capturing apparatus according to claim 5,
wherein
the electric charge holding row includes capacitors
arranged as the electric charge holding sections.
9. The image capturing apparatus sensor according to
claim 8, wherein
the electric charge holding row has a width less than a
width of the pixel row in the second direction.
10. The image capturing apparatus according to claim 5,
wherein
the electric charge holding row is a pixel row which is
equivalent to the pixel row, but in which a light-blocking
section preventing incidence of light is formed on a
surface of each image capturing element.
11. The image capturing apparatus according to claim 5,
further comprising
a forwarding device for forwarding the component with the
head onto a substrate upon recognizing a holding state of
the component using the head on the basis of image data
on the component, wherein
the forwarding device mounts the component on the sub-
strate by moving the head relative to the substrate.
12. The image capturing apparatus according to claim 5,
further comprising
a forwarding device for forwarding the component with the
head onto a predetermined inspection unit upon recog-
nizing a holding state of the component with the head on
the basis of image data on the component, wherein
the forwarding device places the component on the inspec-
tion unit by moving the head relative to the inspection
unit.



